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Abstract
Synopsis : Part A Chelation-control in nucleophilic addition to Cr(CO) 3-complexed aryl aldehydes Asymmetric synthesis of chiral alpha substituted benzyl alchohols via stereoselective chelation-controlled addition of nucleophiles to ortho substituted arene tricarbonylchromium complexes was studied. Failure of o-OMe-benzaldehyde-Cr(CO) 3 complex 1 to act as bidentate ligand to Lewis acidic metals and induce stereodivergence in nucleophilic addition (Scheme-1) indicated that non-bonding electrons on oxygen strongly interact with the ?-system of the complexed aromatic ring and thus impede binding of the oxygen atom with Lewis acids. Scheme ? 1 a128_figureNO1.jpg" target="_blank"> Figure Insertion of an extra carbon between the aromatic ring and the alkoxy group was expected to restore the Lewis basicity of the oxygen and facilitate chelation. To this end, aldehyde complexes 2, 3 and 4 featuring one, two and three methoxy groups respectively at the benzylic center were synthesized. Incremental methoxy substitution was expected to favor the entropy of chelation with Lewis acid (Scheme-2). 
Scheme ? 2 a128_figureNO2.jpg" target="_blank"> Figure Nucleophilic additions to the above substrates were studied using MeLi, n-BuLi and PhLi ? without Lewis acid in ether or THF, and with Lewis acids in dichloromethane at ?90 ?C. Results indicated that Lewis acid additives indeed reverse the diastereoselectivity (Scheme-3). 
Scheme ? 3 a128_figureNO3.jpg" target="_blank"> Figure 
Diastereoselectivity improved on going from substrates 2 to 4 ? as the number of methoxy group on adjacent carbon increased, but in absence of a Lewis acid additive the selectivity remained moderate. In presence of Lewis acid, diastereoselectivity was consistently very high. Use of ZnCl 2.OEt 2 or Sc(OTf) 3 as Lewis acid resulted in a chelation controlled addition, but diastereomeric excess and yields were inferior to those obtained with MgBr 2.OEt 2. Chelation-controlled addition of nucleophiles to ortho substituted tricarbonylchromium benzaldehyde complexes was extended to asymmetric aldol reaction. However, addition of lithium enolate of acetophenone did not result in any stereodivergence in the presence of MgBr 2.OEt 2 (Scheme-4). 
Scheme ? 4 a128_figureNO4.jpg" target="_blank"> Figure Addition of alkyl lithium reagents to o-N,N-dimethylamino-benzaldehyde tricarbonylchromium gave amino alchohols with respectable stereodivergence in the presence of MgBr 2.OEt 2 as Lewis acid (Scheme-5). 
Scheme ? 5 a128_figureNO5.jpg" target="_blank"> Figure In summary, this part of the thesis describes the first definitive example of diastereoselective nucleophilic addition under chelation-control on arene-chromium complexes, and demonstrates its use in devising stereodivergent routes to products with predictable stereochemistry. Presumably these findings should be equally applicable for any planar chiral moiety and find their utility in the preparation of novel chiral bidentate ligands for asymmetric catalysis. 
Part B Counterion Dependent Cleavage of Si-Ar bond vs Si-Me bond In course of our studies on stereoselectivity of nucleophilic additions on acyclic arene-tricarbonylchromium complexes, allylmagnesium bromide was added to the enone 1. The carbinol 2 was subsequently treated with KH or NaH to effect an anionic oxy-Cope rearrangement (Scheme 1). 
Scheme ? 1 a128_figureNO6.jpg" target="_blank"> Figure During this study it was recognized that the alkoxide derived from the carbinol 2 followed diverse reaction pathways depending on counterion, temperature and additives. This part of the thesis is an account of the experiments carried out to understand and identify such factors conclusively. When the above reaction mixture was allowed to slowly attain room temperature over several hours, an unusual cyclic siloxane 3 was obtained. Significantly, in this instance, the alkoxide I undergoes an Si-Me bond cleavage in preference to an Si-Ar bond cleavage under mild condition even when the Si-Ar bond is evidently activated by complexation with tricarbonylchromium (Scheme-2). The anionic nature of the methyl group lost from the trimethyl silane in 3 was confirmed by quantitatively trapping it with benzophenone and isolating the corresponding carbinol. 
Scheme ? 2 a128_figureNO7.jpg" target="_blank"> Figure Addition of allyl lithium to 1 on the other hand showed a different reaction profile. Carbinol 2 and conjugate addition product 4 were isolated if the reaction was quenched at ?78 oC, but when the same reaction was allowed to warm up to room temperature and stirred for several hours compound 5 was obtained as the product, presumably resulting from a 1,4- Brook rearrangement (Scheme-3). 
Scheme ? 3 a128_figureNO8.jpg" target="_blank"> Figure That the cyclization was indeed dictated by magnesium counterion was readily ascertained by treatment of lithium alkoxide of I with a three-fold excess of MgBr 2.OEt 2 prior to warming up, which yielded 3 exclusively (Scheme-4). 
Scheme ? 4 a128_figureNO9.jpg" target="_blank"> Figure When methyllithium was added to 2 at a low temperature, and the reaction was quenched shortly thereafter, the carbinol 2 was isolated in 85% yield. Brook rearrangement accounted for 60% of the product when the same reaction mixture was allowed to attain room temperature and stirred for an extended period of time (path b, Scheme 5). This experiment indicated that the Si-O cyclization step was reversible and products resulted from a thermodynamic control. 
Scheme ? 5 a128_figureNO10.jpg" target="_blank"> Figure The reversibility of the cyclised product to the carbinol by the addition of an alkyl lithium at low temperature was effectively employed in preparing the carbinols 2 with a hetero substitution on Si by treating the cyclized product with phenyl and t-butyl lithium reagents at ?78 oC. Subjecting these carbinols to cyclization according to the protocol used in scheme-4 resulted only in 3 revealing greater leaving group abilities of phenyl and tert-Butyl groups over the methyl group (Scheme-6). Failure of carbinols derived from o-TMS benzaldehyde complex under identical conditions to provide cyclic products as above, but a facile switch over of reaction pathways by change of counterion on carbinols 6 to Brook and cyclised products (7 and 8 respectively) establishes the importance of a gem-disubstitution at the bezylic position in favor of cyclization (Scheme-7). 
Scheme ? 6 a128_figureNO11.jpg" target="_blank"> Figure 
Scheme ? 7 a128_figureNO12.jpg" target="_blank"> Figure The carbinol 2 possesses structural features ideally suited to study the competition between Brook rearrangement and anionic oxy-Cope rearrangement. When it was treated with KH and a catalytic amount of 18-crown-6 in ether at ?78 ?C, Brook product 5 formed almost quantitatively (90%) within 20 min at that temperature (path a, Scheme-8); with lithium as counterion, this rearrangement proceeded only after warming up to room temperature. With potassium as counterion, the anionic oxy-Cope rearrangement is complete in three hours at room temperature (path b, Scheme-8). The intermediacy of complex 5 in the anionic oxy-Cope rearrangement was established by the clean conversion of 5 to 9 at room temperature (path c, Scheme-8). That the tricarbonylchromium plays no role in cyclization was ascertained by subjecting the above reaction sequences on an uncomplexed substrate. Reaction of 10 with allylmagnesium bromide at ?78 oC afforded the carbinol 11 in 90% yield (path a, Scheme-9). This has undergone a facile cyclization when treated with n- BuLi/MgBr 2.OEt 2 (path b, Scheme-9). The cyclized product 12 could be directly obtained by warming the reaction mixture of allylmagnesium bromide and enone 10 to room temperature and prolonged stirring (path c, Scheme-9). Additon of MeLi to 12 resulted in the carbinol as in the case of tricarbonylchromium complexed substrates (path d, Scheme-9). 
Scheme ? 8 a128_figureNO13.jpg" target="_blank"> Figure 
Scheme ? 9 a128_figureNO14.jpg" target="_blank"> Figure In summary, this part of the thesis describes an interesting example of counterion dependence of reaction pathways involving arguably the same intermediate alkoxide. Factors that precisely tune the energetics of different mechanistic possibilities have been systematically studied. 




